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What We'll Cover Today . . .

o Electric power
Industry

e Pollutant emissions
e Control technologies
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Electric Power Industry

e $250 billion in annual electricity sales in 2002; likely to have annual
sales between $250 and $270 billion in 2010 to 2015

e Industry operates 16,500 units and 5,700 plants

e There are 3,100 electric utilities, 2,800 IPPs, 230 I0Us, and 2,000
publicly owned utilities

e The industry employs 362,000 people

* Inthe last five years, we have seen
industry spend $88 billion in new
power plant investments
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Electricity Generation

Electric Generation in 2002
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Source: 2002 and historical generation is from EIA’s Annual Energy Review. Projected generation is from EPA’s Integrated Planning Model.
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Different Regions of the Gountry Rely on

Different Fuel Mixes to Generate Electricity.

MOUNTAIN WEST NORTH CENTRAL
- il
I-I1|::':1.ru E:?Er G“? |'I' dther® —

has
9%
Huolear
% G
i il
an, i o
PACIFIC i
CONTIGUOLIS

Nuolear
13%
PACIFIC
HONCONTIGUOUS
ﬁ'f-i"
. 12% il
il =
o 1%, ;
Hydra
0%

Hydra il "
Bax . 1% Cither
LS

o

Soflo nnGE maynel apal 106 des s rniing

= nhErimles e ntknby mroniunl weedo, a0 g me ey,
miniipal solll vk, wool, posihomal, jonsw ol weedo, wind, and sk

WEST SOUTH CENTRAL

Conl  Gas
1, 1M
Nuglear

158

EAST NORTH CEMTRAL
'_':'1i.| I:Illlll:r'

o

EAST SOUTH CENTRE&L
ail

Hydra _qn, Ciher®

wre 0, o,

G
Egl

MEW EMGLAND
Hyd i
o o

Oher®

[EFH o

Hn,
Coal

5%

Nuglear
; 0%
_r.l'

-
-

MIDOLE ATLANTIC

. nil
Halra g gy
ml ?’!.

Ll
Hualear T,

SOUTH ATLAMTIC
Cther®

Across the LS, a diverse
mi @l fusl g ussad 1o
generate electncily. Several
faciors influsnce an eleelric
company’s dedsion o use
parbeular fusts. These
nclude the price and the
availabiity of supply. Thia
map, aranged by census
reghan, illustrates the
diversity of fusl use across
the U5, and shaows how the
eleciricly generalion mixes
in various regions of he
eountry differ. The map
lurther demanabrates that
major changes in the
generalon mix could have
economic and relisbiity
mpacte, eepecally on a
reghanal basie.

Bounee Enercy Indcrmakksn
AdminEration, Anneal Blecise
Ceanerabor Rapart, LRy and
b0 - LRy Dk 300 Pral rdsang)
By U 8. Canges Divislon



Coal-Fired Power Plants

e There are about
530 power plants
with 305 GW of
capacity that
consist of about
1,300 units.

» Coal plants
generate the vast
majority of power
sector emissions:

-100% Hg
-95% SO,
- 90% of NOx

U.S. Coal-Fired Power Plants
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Emissions of Mercury

1999 Mercury Emissions
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Pollutant Reduction

* Emissions reductions possible through:
— Emissions control technologies
— Advanced power generation technologies
— Power plant upgrading options
— Fuel switching

* Focus on emissions control technologies

EPA



NOx Control Technologies

* Primary — reduce the NOx produced in the
primary combustion zone.

— Widely used - low NOx burners (LNBs) and overfire
ar (OFA)

e Secondary - reduce the NOx already present in the
flue gas

— Widely used - reburning, selective non-catalytic
reduction (SNCR), and selective catalytic reduction
(SCR)

EPA 10



L ow NOX Burners

o Limit NOx formation by delaying complete
mixing of fuel and air

— Reduced oxygen in primary flame zone
— Reduced flame temperature
— Reduced residence time at peak temperature

e Can provide reductions in excess of 50%

EPA =



Overfire Air

e 510 20% of the total combustion air Is
Injected through ports |ocated downstream
of the top burner level

— Burners operate at lower than normal air-to-fuel
ratio resulting in NOx control, OFA added to
achieve complete combustion

— Can be used with LNB to increase NOx
reduction by 10 to 25%
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Rebur ning

e Reburn fuel (natural gas, codl,
other fuels) isinjected to
provide 15-25% of total heat
Input

o >50% NOx reduction,
mercury and SO reduction

e Low capital costs

e Fuelscosts, availability of
adeguate residence time

o Applications: cyclone, wall,
tangential; 33-600 MWe
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EPA

Burning zone

Urea or NH3 injection,
generally between 980 to
1150 °C

30 to 60 % NOX reduction
Low capital costs

Load following, NH3 dlip,
performance on larger
boilers

Applications: cyclone,
wall, tangential; 50-620
MW
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SCR

; 2. Ammonia is added to the flue gaos.
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4. The reaction
nitrogen oxide to

and water. The

NH3 injection, generally
between 350-400 °C

More than 90 % reduction
IS possible, especially with
LNB
Capital intensive, space
requirements, NHz dlip,
SOs3 emissions, catalyst
deactivation
Applications:

— More than 75 bailers;

cyclone, wall, tangential;
122 - 1300 MW
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SO, Control Technologies

Flue Gas Desulfurization

Once-through

I
Regenerable
[

Wet

— Limestone Forced Oxidation
— Limestone Inhibited Oxidation
— Jet Bubbling Reactor

— Lime

— Magnesium-Enhanced Lime
— Dual Alkali

— Seawater

Dry Wet Dry

— Lime Spray Drying Sodium Sulfite L Activated Carbon
— Furnace Sorbent Injection Magnesium Oxide

— LIFAC Sodium Carbonate

— Economizer Sorbent Injection Amine

— Duct Sorbent Injection

— Duct Spray Drying

— Circulating Fluidized Bed

— Hypas Sorbent Injection

o
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FGD at Centralia

EPA

Wet Scrubbers

Flue Gas
Inlet

Limestone
or Lime

Slurry

Flue Gas
Cutlet

Limestone or
Lime Slurry
Spray

Spent Slurry
or Gypsum

Power Plant

State-of-the-art is 95%
SO, removal

98 GW (33%) of coal-fired
units have scrubbers

We project 115 GW to
have scrubbers by 2010
for Title IV and State regs
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Lime Spray Drying

Flue Gas In

e State of the art 1S 90%
removal

Flue cas ® Morethan 14 GW of
Installation

Slurry In

>

Recycle Loop
... Recycle &
Tank ¢ Disposal
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Mercury in Coal-fired Boilers

Coal
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Entrained PM Inlet
‘ Co, ><
— | Ho0 300 °F
HCl N, Hg

Hg°
>2500 °C

EPA

SO,

m

Mercury Speciation:

Hg°, Hg?* compounds, particulate mercury Hg(p)
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Mercury Speciation

* |n general, speciation depends on:

— Coal properties (mercury, chlorine, and ash
contents)

— Time/temperature profile

— Flue gas composition and fly ash characteristics
(carbon, calcium, iron, porosity)

— Flue gas cleaning conditions

EPA 2



Mercury Capturein Existing Equipment

Removal in PM Controls

 Mercury can be adsorbed onto fly ash surfaces; Hg?* is
more readily adsorbed than Hg®

 Mercury can be physically adsorbed at relatively lower
temperatures (hot-side ESP vs. cold-side ESP)

Capture in Wet Scrubbers

» Hg#* capture depends on solubility of each compound;
HgP isinsoluble and cannot be captured

o Capture enhanced by SCR

EPA 2



|CR Data
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Chlorinevs. Mercury Speciation
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24



SCR and Mercury Interactions

» Speciation influences emissions control
— lonic Hg?* isremoved easily by wet scrubbers
— Volatile e emental Hg® is difficult to capture

e SCR units are being used extensively to
meet current NOXx regulations

e SCR can convert elemental mercury in coal
combustion flue gas into the ionic form

— field datain Europe and U.S. reflects increase
In Hg?* across SCR reactor

EPA %



SCR-Mercury R&D

o Tested 4 utility plantsin the 2001 and 2 in 2002; retested 2 plants in 2002,;
total of 8 data points

o Oxidized mercury increase across SCR: bit. - up to 71%; subbit. - 10% (one
data point only)

« Removal in PM control and FGD (5 data points) - ~ 85% - 90%

* Results from repeated tests were consistent with previous data; impacts of
SCR catalyst aging not apparent

o SCR systems with relatively lower catalyst volumes (space velocity greater
than 3500 hr-1) also showed significant oxidation increases

« Datagaps. PRB, blends

e Ongoing EPA bench- and pilot-scale research: HCI provides critical chlorine
source for Hg® oxidation; NOx has a significant promotional effect; SO, has
little effect under the conditions of this study
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PM Control Technologies
for Power Plants

 Electrostatic precipitators (ESPS)

— 72% of U.S. coa-fired boilers, total PM up to
99.9%, fine PM 80-95%

e Baghouses

— 14% of U.S. coa-fired boilers, total PM up to
99.9%, fine PM 99-99.8%

EPA
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How Doesan ESP Work?

Particulate Matter (PM)
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Emerging Technologies
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 Theextent of capture dependson:

EPA

Sor bent I njection

Sorbent

. Injecti
Sorbent characteristics njection

(particle sizedistribution, |
porosity, capacity at different

gastemperatures)

Residencetimein the flue gas f —
Flue Gas ESP or FF .

Type of PM control (FF vs.

ESP)

Concentrations of SO; and ‘

other contaminants
Ash and Sorbent
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Activated Carbon Injection (ACI)

* ACI successfully used to reduce
mercury emissions from waste-to-
energy facilities. Effort underway to
transfer to coal-fired power plants.

* Not currently installed at any power
plant, but short-term testing suggests
it may eventually be able to achieve
90% control for all coal types.

Activated carbon storage and feed system

Activated carbon injection system
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Carbon I njection Projects

e AlabamaPower E.C. Gaston: unit 3, 270-MW, low-sulfur eastern bit.
coals (0.14 ppm Hg and 160 ppm CI); hot-side ESP, COHPAC baghouss;
testing on one-half of the gas stream, nominally 135 MW, wet ash to pond

 WEPCO Pleasant Prairie: unit 2, 600-MW, PRB coal (0.11 ppm Hg and 8
ppm Cl); ESP (468 ft?/kacfm), spray coolmg, SO, conditioning; testing on
one ESP chamber (1/4 of the unit); fly ash sold for usein concrete

« PG&E Brayton Paoint: unit 1, 245-MW, low-S bit. coal (0.03 ppm Hg and
2000-4000 ppm CI); SO, conditioning system; 2 ESPsin series (550
ft?/kacfm); PAC injection between the ESPs

e PG&E Salem Harbor: 85-MW, low-S bit. coal (0.03-0.08 ppm Hg and 206
ppm Cl); ESP (474 ft?/kacfm); SNCR

EPA %



Mercury Removal Trendswith ACI

100

— Gaston
> _ - =N Brayton Point
— 80 v X
> X _ .
e 60 —%3 &
S , PPPP
o
-, 40 7 X
S
(&)
s 20
=

O \ \ \ \

0 5 10 15 20 25 30

Injection Concentration (Ib/MMacf)

Source: ADA Environmental Solutions (2003)
2
EPA 4



PG& E Salem Harbor
(w/o PAC Injection)

« 85-MW, low-S bit. coal (0.03-0.08 100 .
. ©17-19% LOI (45 Ib/M Macf)
p[:z)m Hg ar]d 206 ppm Cl); ESP (474 010 . X 20-24% LOI (55 Ib/M Macf)
ft“/kacfm); SNCR 80 W X L A25-29% LOI (68 Ib/M Macf)
« High baselineremoval dueto high & o Ko - ';203;;% e
430-35% , C1, Hi oal
levels of LOI; minimal impact on > A3, | a212mL01C2 Hizh Load
reduci ng L Ol from 30-35% to 15- >0 OA ¢ LS bitum coal
20% at 300 °F 4°
30
« Temperaturehasgreater effect than . o
L Ol » .
« SNCR hasnoimpact on Hg removal 0 ‘ , ‘ ,
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Source: ADA-ES
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PG& E Salem Harbor
(w/ PAC Injection)

o At lower temperatures,
removal by PAC affected
by high baseline removal

e At higher temperatures,
linear behavior (smilar to
that at Brayton Point

EPA
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EPA

A few morethings. ..
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Wet FGD M odification

e Capable of removing SO, In
excess of 95 %

e Canremove oxidized Hg

e Three routesfor NO removal:
— gas phase oxidation to N,Os
— oxidation to NO; and reduction to
N> in the scrubber via sulfate and
bisulfate ions
* Investigate SO2, Hg, NOXx
remova and SO2 to SO3
conversion
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ESFF

o Electrostatically Stimulated Fabric
Filtration (ESFF)--developed by
EPA

» Pulsget fabricfilter with high
voltage electr odes centered between
groups of four bags

» Pilot-scale performance data:

— PM2.5 with ESFF=0.14 mg/m3

— PM2.5 without ESFF=0.51 mg/m3
— PM1with ESFF=0.05 mg/m3

— PM1 without ESFF=0.17 mg/m3

« BHA Group, Inc. licensee has
developed preliminary commer cial
design

EPA *



Development of Multipollutant Sorbents

Amount Adsorbed
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NO2 and SOz capacity given as mg/g adsorbed in 1 hr at 80°C;
Ha® capacity given as ua/a adsorbed in 1 hrat 80°C

*Types of Sorbents Being Studied

e Sorbent Development

— Synthesis,
Characterization,
Evaluation &
Optimization

— Reate structure and
chemical natureto
adsor ption characteristics

—Sor bents synthesized using industrial by-products

—M odified carbon-type sorbents

—Surface modified Calcium Silicate Hydrate (C-S-H)
—Multipollutant sorbentsthat also have adsor ptive capacity for CO,

EPA
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